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1. Index laws (positive, negative, zero and fractional indices)

Q1 1 mark

(2p)3.

Simplify

(A) 8p°
(B) 8vp2
(©) 6vp3
(D) 6p?

Criteria

Marks

Correct option (A)

Solution.
Cube the bracket and write the surd as a fractional index:

(2p)* _ 8p® 4 P12 =
N

The answer is (A).

= 8v/p°.



Q2

2 marks

5,2
Simplify (¢?)* x (q_) using the index laws.
q

Criteria Marks

Simplifies each factor: (¢2)* = ¢% and (qs/q)2 =48 1

Correct final answer ¢'* 1

Solution.
Apply the power and quotient laws to each factor, then multiply:
5\2 2
q
(4" =", (—) = (q4) =q".
q
7\
(4%)3 x (_) = O x g% =g
q

Q3 1 mark
Which expression is equivalent to v/64x12y3?
(A) 2x72y36
(B) 2x°yy
(C) 4x2y?
(D) 2x24fy
Criteria Marks
Correct option (D)

Solution.

Write the sixth root as a power % and apply it to each factor:

6/—64)612)73 _ (64x12y3)1/6 = 641/6 12/6 36 _ ) 21/2 _ 2x2\/—.

The answer is (D).
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Q4 2 marks

64x73\3
Simplify( - ) .
y

Criteria Marks
Applies the index % to each factor (641/3 =4, x1, y‘z) 1
il
Correct final answer — 1
Xy
Solution.
Distribute the power % over the numerator and denominator:
(64x—3 )é 6413 x733 4yl 4
6 y6/3 2 xy?
Q5 2 marks
12* x 18*
Simplifty ——————.
PIY 3xor
Criteria Marks
Combines like bases: numerator 216* and denominator 6* (or equivalent) 1
Correct final answer 36* 1

Solution.

Group each product into a single base using a*b* = (ab)~:

127 % 18% _ (12x 18)* _ 216% _ (216)* a6

3¥x2¥  (3x2)*  6F 6

6.9 0
7 ot

1 HSC TUTORING



Q6 3 marks
12 -3,,2 2 6 2.3
. . Xy L OxXTy”
Simplify 1 T
Xyz2 Z
Criteria Marks
Simplifies inside the bracket to 12x~*yz~1/2 (or equivalent) 1
P q
Squares the bracket to 144x~8y?z~1 and writes the divisor as 6x?y3z* 1
24
Correct final answer ———— 1
x10y75

Solution.
First simplify inside the bracket with the quotient law:

1

12 -3.,2
x—ly = 12x_3_1y2_1z_% = 12x"4yz 72,

xXyz?
Square it:
2
(12x_4yz_%) = 144x78y27 71,
Rewrite the divisor with a positive power of z and divide (multiply by its reciprocal):

6x2y} 5 5y 144x~8y2z ! 24

=6x"y’z,
o y 6x2y3 24

— 24x—8—2 y2—3 Z_1_4 — 24x_10y_1Z_5
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2. Expand and factorise algebraic expressions

Q7 1 mark

Factorise the expression x> — 2x — 3.

(A) (x=3)(x-1)
B) (x=3)(x+1)
©) (x+3)(x+1)
(D) (x+3)(x-1)

Criteria Marks
Correct option (B) 1
Solution.

Seek two numbers with product —3 and sum —2: these are —3 and +1. Hence
¥ =2x=3=(x-3)(x+1),

which is option (B).

Q8 1 mark

Factorise 4x% — (w + y)?.

Criteria Marks
Correct factorisation 1
Solution.

This is a difference of two squares, A2 — B> = (A - B)(A + B), with A =2xand B = w + y:

4x? = (w+y)? = 2x=(w+y))2x+(W+y) = 2x—w-y)2x+w+y).



Q9 1 mark

Factorise 8x3 + 125.

Criteria

Marks

Correct factorisation 1
Solution.
This is a sum of two cubes, a®> + b> = (a + b)(a®> — ab + b?), witha = 2x and b = 5:

8x% + 125 = (2x)° + 5% = (2x + 5) (4x* — 10x +25).
Q10 1 mark

Which of the following is equivalent to 5x — (x + 3)(2x — 1)?
(A) 3 -2x2
(B) —2x? +10x + 3
(C) 2x* -3
(D) 2x? - 10x -3

Criteria Marks

Correct option (A)

Solution.

Expand the product, then subtract:
(x+3)(2x —1) = 2x* + 5x = 3,

5x— (2x2 +5x—3) =5x - 2x% —5x +3 =3 - 22,
which is option (A).
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Q11 1 mark

Factorise 2x> + 3x — 2xy — 3y.

Criteria

Marks

Correct factorisation

Solution.

Group the terms in pairs and take out a common factor from each pair:

202 4+ 3x = 2xy -3y =x(2x +3) —y(2x +3) = 2x + 3) (x — y).

Q12 2 marks

Fully factorise 4x3 — x°.

Criteria

Marks

Takes out the common factor x3: x3(4 — x?)

Completes with the difference of two squares

Solution.

Take out the highest common factor x3, then factorise the remaining difference of two squares:

43 - =34 -xH) =2 -x) (2 +x).
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3. Simplify algebraic fractions

Q13 1 mark

x—1 x-3

3
Which of the following fractions is equivalent to -2

?

(A) 5x -5

(B)

©

(D)

Criteria

Marks

Correct option (B)

Solution.

Put over the common denominator 4:

3x—1 _x—3_2(3x—1)_x—3_6x—2—(x—3) _Sx+1

2 4 4 4 4

The answer is (B).

Q14 2 marks

y2 +3y
-9

Simplify

4

Criteria

Marks

Factorises numerator and denominator

Cancels the common factor for

Solution.

Factorise top and bottom, then cancel the common factor (y + 3):

Y¥+3y _ y0+3) oy
-9 (-3 +3) y-3
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Q15 2 marks

Simplify = % 1~ o 1)?2x )

Criteria Marks

Common denominator (x — 1)(2x + 1) with numerators combined 1

Simplifies to 2;2_ 7 1
Solution.
The common denominator is (x — 1)(2x + 1):

2 6 22x+1) -6 4x —4 4(x-1) 4

5.9 7 o

T
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Iy,

-1 G-D2x+1D) GG-D2x+D) G-D2x+D) Gx-D2x+1) 2x+1

Q16 2 marks

Fully simplify the following expression.

a? - 3a 4a%x
2ax 2ax — 6x
Criteria Marks
Factorises each numerator/denominator 1
7
Cancels common factors for “ 1
X
Solution.
Factorise, then cancel:
a’>-3a o 4a’x _a(a-3) o 4a’x _a(a-3) 4a’x 3 4a’x 3 a’
2ax 2ax —6x  2ax 2x(a—3) 2ax-2x(a-3) 4ax® x’

10
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Q17 2 marks
Simplify full 3
Py Y e 3x+2 x—1
Criteria Marks
Factorises x> — 3x + 2 = (x — 1)(x — 2) and forms common denominator 1
1T=3x

implifies to ——— 1

Simplifies to G-DG-2)

Solution.

Since x2 — 3x + 2 = (x — 1)(x — 2), the common denominator is (x — 1)(x — 2):

5 3 5-3(x-2) _ 5-3x+6

11 -3x

(x—l)(x—Z)_x—l S (x-D(x=-2) (x-Dx-2) - x-Dx-2)°

Q18 3 marks
. : — 2
Factorise the denominators and simplify — - .
x*=5%x+6 x-+2x-8
Criteria Marks
Factorises both denominators 1
Correct common denominator and numerator expansion 1
Correct simplified answer 1

Solution.

5.9 7 o
A

x2=5x+6=(x—2)(x—-3)and x> + 2x — 8 = (x — 2)(x + 4). Common denominator (x — 2)(x — 3)(x +4):

3x+4)-2(x-3)  3x+12-2x+6

x+ 18

x-2)(x=-3)(x+4) (x-2)(x-3)(x+4) - x=-2)(x=3)(x+4)

11
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Surds

4. Expand and simplify surds (exact values)

Q19 1 mark

Simplify V8 — V2.

Criteria Marks
Correct simplification V2 1
Solution.

V8-V2=2V2-V2=V2.

Q20 1 mark
2
Which of the following is the expansion of (5 — 2\/5) ?

(A) —11

(B) 25-443
(C) 37

(D) 37 -20V3

Criteria Marks

Correct option (D) 1

Solution.

Expand using (a — b)? = a*> — 2ab + b*:

(5 - 2\/5)2 =25-2(5)(2V3) + (2\/5)2 =25 -20V3 + 12 = 37 - 20V3.

The answer is (D).

12



Q21 2 marks

If 11V3 — 227 = p/3, find the value of p.

Criteria Marks
Simplifies V27 = 3V3 1
Concludes p =5 1
Solution.
Simplify the second surd: V27 = Y9 x 3 = 3v/3. Then
11V3 = 2V27 = 11V3 = 2(3V3) = 11V3 - 6V3 = 5V3.
Hence pV3 = 5V3,s0 p = 5.
Q22 2 marks
Find the values of p and g if (2\5 - 1) (5 - 3\/§) =p+qV3.
Criteria Marks

Correctly expands the product

Equates rational and surd parts: p = =23, g =13

Solution.

Expand the product term by term:

(2\/3—1) (5—3\/5)=10\/§—2(3)(3)—5+3\/§:10\/5—18—5+3\/§.

Collecting like terms gives —23 + 13v/3. Comparing with p + g V3,

13
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Q23 2 marks

A rectangle has an area of 12 cm? and length of (2 +V7 ) cm. Find its width in the form a + b7, where a
and b are integers.

Criteria Marks
12
Setsupw = and rationalises the denominator 1
2+7
Simplifies to w = —8 + 4V7 1
Solution.
12

From area = length X width, 12 = (2 +vV7 ) wW,S0Ww = . Rationalise by multiplying by the conjugate:

2+47

2 2-v7 12(2-V7) 12(2—\/7)
YT Vi 2w 41 3

=—4(2-V7) =8 +4V7.
Soa = -8 and b = 4, giving width = —8 + 47 cm.

Q24 2 marks

For x and y rational numbers, (vx + \/i)z =X +y + 24/xy. Write V16 + 255 in the form vx + /.

Criteria Marks

Setsupx +y =16and xy =55 1

Solves to give V16 +2V55 = VI1 + V5 1
Solution.

Using the given identity, (vx + \/i)z = X + y + 24/Xy, so matching 16 + 2V55 requires
x+y=16, xy = 55.

The two numbers with sum 16 and product 55 are 11 and 5. Therefore

16 +2V55 = V11 + V5.

14



5. Rationalise the denominator (conjugates)

Q25 1 mark

. . . 6 . o
Rationalise the denominator of —, leaving your answer in simplest form.

V3

Criteria Marks
Correct simplest form 2V3 1
Solution.

Multiply numerator and denominator by V3:

6 6 3 6V3
6 _6, B B 5
V3 V3 V3 3
Q26 1 mark
Rationalise the denominator of .
V5-2
Criteria Marks
Correct rationalised form 3V5 + 6 (or equivalent) 1

Solution.

Multiply top and bottom by the conjugate V5 + 2:

3. V5+2 3(V5+2)  3(V5+2)
\/5—2X\/§+2_(\/§)2—22_ 52 =3V5+6.

15
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Q27 2 marks

V5-2 : : :
, express x with a rational denominator.

V3

If x =

5.9 7 o

T
L
Iy,

Marks

Criteria

Multiplies numerator and denominator by V5

—2v5

Correct simplified form

Solution.
Multiply numerator and denominator by V5:

_V5-2
RS

V5 V5:45-2v5  5-245
x%_ 5 = 5

X

2V5

Equivalently, x = 1 — =

Q28 2 marks

. . . 2
Rationalise the denominator of , simplifying your answer.

Marks

Criteria

4+V2
Multiplies by the conjugate V2
4+2

9 +4V2

Correct simplified answer

Solution.

Multiply top and bottom by the conjugate 4 + V2:

44V2 4+V2  (4+V2)2  16+8V2+2 18+8V2

9+ 442

X = =
4-V2 4+\2 42— (V2)2 16 -2 14

16
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Q29 2 marks

By rationalising the denominator or otherwise, show that is rational.

2 N 2
5-V2 5+V2

Criteria

Marks

Combines over the common denominator (5 — V2)(5 + V2) = 23

20
Simplifies to the rational number 73

Solution.

Combine over the common denominator (5 — V2)(5 + V2) = 25 - 2 = 23:

2 2 2(5+V2)+2(5-v2) 20

5-V2 5+vE . (5-V)(+v) 23

.20, . . S
Since 3 is a ratio of two integers, the expression is rational.

17
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